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DEVICE AND METHOD FOR THE MANUFACTURE OF FOAMED 
PLASTIC PARTS BY AN INJECTION MOLDING METHOD 
UTILIZING DYNAMIC MIXING ELEMENTS 

[0001] The invention relates to supplying a physical blowing agent into the 
melt flow of an injection molding machine for uniform distribution therein, 
characterized by high reproducibility and certainty of performance during that 
process so as to realize a homogenous polymer/blowing agent mixture for use in 
a conventional injection molding machine. 

[0002] From German patent DE 24 02 203 C3 and U.S. patent 5,297,948, 
devices are known for the production of foamed plastic molded parts in 
accordance with the preamble of claim 1 , limited to a known extrusion method 
wherein the blowing agent is added in only some locally defined area. This 
invention is a further development of the device which is claimed in our patent 
application EP 1 256 430 A1 for the production of foamed plastic molded parts. 
This said device relates to an injection molding machine which is used for the 
production of a foamed plastic molded part. In order to produce a foamable 
plastic melt, a blowing agent is added to the plastic material and generates gas 
bubbles in the injection molding tool as a result of an expansion of blowing agent 
present in solution under pressure in the melt and a pressure drop during 
injection into the injection molding tool, whereby the gas bubbles are frozen as 
the melt cools down as a consequence of an increase in viscosity and finally 
forming the foamed texture. The device and method which are introduced by the 
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EP 1 256 430 A1 , utilize physical blowing agents. The supply of the physical 
blowing agent is made possible through the use of a porous casing. This porous 
casing is mounted at the screw piston, preferably in the area between the 
metering zone and the adjacently located downstream mixing zone. The porous 
casing is made from a porous or permeable material which permits the expulsion 
of the blowing agent under pressure in order for it to dissolve within the melt. Due 
to its large surface, this thin-walled cylindrically shaped casing is extraordinarily 
suited for bringing the gas into polymer melts of different composition. The 
solution as introduced by the EP 1 256 430 A1 relates to a gassing step, followed 
by a mixing step carried out by means of a mixing element mounted at the screw 
piston. The gassing treatment is carried out in a sector of the screw piston, 
which means that the gassing elements carry out the motions of the screw 
piston. Due to the use of the gassing elements in only a sector of the screw 
piston, a conventional injection molding machine can be fitted with the suitable 
screw piston so that only the screw piston needs to be exchanged in the entire 
installation in order to carry out the production of foamed plastic molded parts, 
thereby greatly reducing investment costs of the entire installation. While use of 
gassing equipment in the screw piston is known from DE 20 53 646 B, there, the 
openings for the blowing agent are configured as injection nozzles terminate in 
the distributor head. Through the blowing agent openings, the melt is charged 
with the blowing agent by means of a jet stream. If the embodiment of the 
gassing element is a porous casing which moves together with the screw piston 
in axial direction and at the same time also carries out the pistons rotational 
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motion, it can charge the melt with the blowing agent in a uniform manner, as the 
porous surface does not promote release of only a single jet stream; at least, a 
bundle of jet streams is being released, although generally, with the device 
according to the invention, as also in EP 1 256 430 A1, the polymer melt is 
supplied with blowing agent bubbles. In the immediate vicinity of the porous 
casing, mixing between the gas and the polymer melt remains incomplete during 
the gas charge since the mixing-promoting shearing forces at the outer surface of 
the casing, are relatively small. 

[0003] However, good mixing effects can be realized by means of 
introducing shear forces, expansion of the melt and recirculation of the melt. 

[0004] A possible means to realize this goal is illustrated in DE 101 50 329 
A1. The compressed blowing agent is brought into contact with the melt by 
means of a static mixing element, which is mounted between the plastification 
aggregate and the shut-off nozzle. A porous sinter-metal surface which 
surrounds the mixing elements serves as a contact element between blowing 
agent and polymer melt. Concentration- and pressure differentials cause the 
uptake of the blowing agent into the melt via diffusion- and sorption processes. 
The homogenisation of the polymer/blowing agent mixture happens during the 
injection process by means of webs associated with the static mixing elements 
and located intermittently in the melt channel. The recirculation, distribution and 
expansions of the melt within the mixer promote the diffusion processes. The 
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uptake of the blowing agent into the melt is thereby promoted with a lasting 
effect. A drawback of the invention as disclosed in DE 101 50 329 A1 is that the 
addition of the blowing agent is carried out only right in front of the shut-off 
nozzle. Thus, very little time remains for a complete mixing of the melt prior to 
being fed through the shut-off valve into the adjacent cavity. Therefore, in order 
to realize a complete mixing of the melt with the blowing agent, the mixing 
element has to be configured with a greater length; alternatively higher pressure 
must be employed at the mixing element, so that the blowing agent will be 
distributed uniformly in the polymer melt prior to reaching the cavity via the shut- 
off valve. Likewise, EP 1 256 430 A1 mentions as a principal drawback of static 
mixing elements, the shear effects thereof which can damage the polymer matrix. 
A further drawback when utilizing a static mixing element in the area of the screw 
piston is the rather complex valve control employed to control the input of the 
blowing agent, whereby the cost of the installation as well as its susceptibility to 
failure is increased. When constructing the porous casing according to EP 1 356 
420A1 there exists the danger that leakages occur in the large tight surfaces 
during operation, so that the blowing agent will no longer be exclusively released 
through the porous surface of the casing but, additionally is released through 
leaking at the tight points into the polymer melt. In another situation, due to a 
malfunction in the blowing agent system, a lowering of pressure can occur, so 
that the polymer melt which is under higher pressure might leak, via leaking tight 
points, into the blowing agent supply system. 
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[0005] In order to avoid these drawbacks in the prior art, according to the 
present invention, at least one dynamic mixing element is used, that is, a mixing 
element which is able to move in association with the screw piston and through 
which, at the same time, the blowing agent is introduced into the melt. The 
invention advantageously includes that porous or permeable mixing elements are 
provided at the screw piston downstream of a metering zone, which elements are 
loaded with blowing agent via a blowing agent supply device in the core of the 
screw piston and will feed the blowing agent into the melt in a uniform manner. 
During the plastification phase, the mixing elements rotate within the polymer 
melt and at same time the screw piston carries out a translation movement. This 
combination of translation and recirculation of the melt during the dosing phase 
causes a constant mixing and recirculation of the melt under the simultaneous 
load of the blowing agent, thereby realizing a homogenous polymer/blowing 
agent mixture. 

[0006] Combining the mixing element and the gassing area in the same 
sector of the screw piston permits not only a combination of mixing element and 
blowing agent input within a narrow sector of the screw piston, but the dimension 
of the mixing element as a rotation symmetrical body also permits a pinpointed 
feed of blowing agent into the polymer melt. Furthermore, the amount of feed-in 
of blowing agent can be precisely controlled. Due to the rotation symmetrical 
configuration of the mixing bodies which project into the area of the gas release, 
a uniform mixing and homogenization of the blowing agent input is realized. The 
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rotation and translation of the screw promote a thorough mixing even at a very 
short residence time of the melt within the gassing area. 

[0007] The mixing element proper can be made from a porous or 
permeable material, while the screw piston element can be made from a material 
of higher strength. The dynamic forces which are generated by the motion of the 
mixing elements in the melt and impact upon the mixing elements thus affect only 
small mixing elements preferably configured as rotation symmetrical bodies. 
Thus, any stress which originates from the shear-or torsional forces can be kept 
at a minimum. 

[0008] The mixing elements proper are provided with a seal to assure that 
the gas input takes place exclusively via the porous surface. This means that the 
amount of blowing agent distributed across the entire surface of the melt can be 
precisely controlled. 

[0009] With the invention it is possible, by making only few alterations on a 
conventional injection molding machine, to produce textured foam molded parts 
which are generated by physical means and which are characterized by a 
compact outer shell and a foamed core which, when compared to other compact 
assembly pieces, exhibit material advantages with respect to weight, amount of 
material needed and corresponding costs thereof. Furthermore, there is no need 
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to adjust the machine controlling function thus, keeping the investment costs at a 
minimum. 

[0010] The invention as compared to the prior art exhibits the following 
advantages: 

• Small investment costs, since special machinery is not needed and only 
requirement is an exchange of the screw piston in a conventional injection 
molding machine. 

• Uniform input of the blowing agent due to the presence of a plurality of gas 
treatment points corresponding to the axial movement of the screw and 
co-rotating therewith during the polymer dosing phase. 

• Increased degree of homogenization due to intensive mixing processes 
during the course of gas treatment and under steady effective dimensions 
regarding the length and the shear region of the screw piston. 

• Optimal solubility behavior due to long periods of diffusion and large 
diffusion surfaces at small diffusion distances. 

• Good reproducibility of the method and independent of the dosing volume. 

• Increased effectiveness of the blowing agent 

• Easy exchange of defective or clogged mixing elements. 

• Possibility of combination of mixing elements of various construction and 
multiple possibilities of optimization relative to the polymer material to be 
treated. 
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[001 1] By supplying the blowing agent into the polymer melt via the porous 
or permeable mixing rods in a uniform manner, optimization of the blowing agent 
input during the polymer dosing is realized. This results in improved solubility 
behavior due to long periods of diffusion and large diffusion surfaces at small 
diffusion distances. In addition, an increased reproducibility of the method can be 
recorded independent of the dosing volume indicating an optimal use of the 
blowing agent. The rotational and translational movements of the mixing 
elements within the polymer melt cause shear effects that prevent local 
concentration differentials and undesired agglomeration of the blowing agent. 
Finally, the invention advantageously has few investments costs, since no costly 
special machinery is required, but only the exchange of a screw piston in a 
conventional injection molding machine. An extended injection unit is likewise not 
required. A standard length of the injection unit in the range of 20- to 25 fold of 
the outer diameter of the screw piston suffices. 

[0012] Preferably, in the area of the porous or permeable mixing elements, 
the diameter of the screw piston is somewhat reduced. Thus, with the increased 
root depth of the screw, and due to the small pressure level of the polymer melt 
in the area of the gassing, the blowing agent can be directly added, without the 
need for a separate dosing station. 
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[0013] Preferably, the mixing elements are placed uniformly and set-off in 
several rows across the circumference of the screw piston in order to realize a 
uniform distribution of the blowing fluid within the melt. 

[0014] Preferably, the blowing agent is fed to the screw piston during the 
dosing phase via a high pressure seal housing radially surrounding the screw 
piston. Thereby, the physical blowing agent is present in the form of a fluid. 

[0015] The high pressure seal housing receives the blowing agent from at 
least one pressure pump, with the advantage that no dosing station is required. 

[0016] The high-pressure seal housing moves correspondingly with the 
axial movement of the screw piston in axial direction but without rotational 
movement. In this manner, while the polymer dosing takes place, a uniform input 
of the blowing agent is realized due to the flat, axially co-moving and rotating 
gassing area. 

[0017] The polymer/blowing agent mixture is being homogenized in the 
course of gassing and at a constant effective length of the mixing- and shear 
elements of the screw piston. The injection of the blowing agent takes place 
during the dosing phase. 
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[0018] FIG. 1 is a sectional illustration of an injection molding 
machine with screw piston, 

[0019] FIG. 2 shows a detail of the mixing element, 

[0020] FIG. 3 shows a possible arrangement of mixing elements at 
the screw piston. 

[0021] Following is a more detailed description of the invention with 
reference to FIG. 1 and FIG. 2 . 

[0022] FIG. 1 shows an injection molding machine with a screw piston 1 
moving axially during the injection phase and rotating within the injection unit 2. 

[0023] The polymer granulate is fed via a material charge funnel 3 and is 
drawn in by the rotating screw piston 1 into the area of an feed-in zone 4. The 
connecting compression zone 5 and metering zone 6 cause the melting, 
compressing and homogenizing of the polymer material by means of the external 
cylinder heating 7, so that at the end of the metering zone 6, a homogenized 
polymer melt is realized that is thermically as well as materially homogeneous. At 
end 8 of the metering zone 6 of the screw piston 1 , the root depth of the screw is 
discretely enlarged 8, that is, the diameter of the screw 1 is discretely reduced. In 
the area of the reduced diameter, porous and permeable mixing elements 9 are 
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provided, which are loaded by a physical blowing agent via a blowing agent input 
device 10 and a bore 11, and whereby the blowing agent is supplied to the 
polymer melt in uniform manner. 

[0024] The porous or permeable mixing elements 9 serve as a contact 
surface between the blowing agent and the polymer melt. The change in the root 
depth of the screw piston in this sector, the so-called gassing zone 13, leads to a 
pressure reduction. The condensed blowing agent, i.e. blowing fluid, is added via 
the bore 11 within the screw piston longitudinal axis and via several radial bores 
12, for distribution of the gas via the mixing elements 9. 

[0025] The porous or permeable mixing elements 9 can be formed from 
sintered metal or another permeable material such as for example, ceramic. The 
bores 11, 12 are connected upstream of the input funnel 3 with blowing agent 
input device 10. Thus, the seal housing 18 surrounds the screw piston 1 by 
means of a housing core and screw cap. The seal housing 18 is mounted 
between a drive device for the screw piston 1, not shown here, and the 
plastification cylinder 2 and secured against rotation. The seal housing 18 
simultaneously moves with the axial motion of the screw piston 1. The axial 
stroke of screw piston 1 corresponds for example to the threefold diameter of the 
injection cylinder 2. The seal housing 18 is provided with special rotation seals 
19 and centered at the screw by means of a floating ring. An axial displacement 
of the seal housing 18 is prevented by means of mechanical tensioning 



11 



elements. The rotation seals 19 can be floating ring seals or radial packing rings. 
One or more radial bores 20 connect the pressure chamber of the blowing agent 
input device 10 with an axial bore 11 in the longitudinal axis of the screw piston 
1. 

[0026] After the input of the blowing agent across the surface of the mixing 
elements, conveying-effective shear elements 21 distribute the polymer blowing 
agent mixture. The blowing agent input device 10 receives the blowing agent 
preferably through commercially available pressure gas bottles. A valve 22 which 
may be electrically, pneumatically or hydraulically operated connects the blowing 
agent supply with the high-pressure seal housing 18 during each of the dosing 
phases of the polymer material, if needed, by using a throttle valve. 

[0027] FIG. 2 shows an embodiment of the mixing elements. A rotational 
symmetric pin of porous material 9 is screwed into a threaded bore 14 in vertical 
orentation to the axis of the screw piston 1 . Alternatively, this attachment can be 
accomplished by a press-fit or clamping device. As an alternative thereto, spring- 
loaded projections that engage into grooves at the screw piston could also be 
utilized. Such engagement mechanisms also support the disassembly of the 
mixing elements and may be needed for purposes of cleaning the apparatus. The 
mixing pin 9 as well as the bore in the screw piston 1 are stepped, thus forming a 
shoulder by means of which an axial tight point 15 can be realized. By utilizing 
copper sealing-disks or O-ring seals 16 which are high temperature-proof, the 
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mixing pin can be sealed against the screw piston thus preventing uncontrolled 
penetration of blowing agent into the plastic melt via the contact surface between 
the mixing pin and screw piston. At the bottom of the threaded bore, a bore 12 is 
radially oriented relative to the axis of the screw piston and meets with the axial 
bore 1 1 in the screw piston thus representing the connection to the blowing agent 
input. In order to generate a uniform outflow of the blowing agent across the 
surface of the mixing pin, the pin can be provided with an axial bore 17. Thereby, 
the flow resistances through the permeable material are kept uniform at all points 
on the surface thereof. The dimension of the mixing elements, aside from being 
cylindrical, can also be in the shape of a cone. This provides the advantage of 
the tapering front face of the cone reducing the thermally induced 
inhomogenizations which occur due to heat dissipation in the direction toward the 
cylinder wall. Furthermore, the mixing elements can be dimensioned square 
shaped or rhomb shaped. In FIG. 3, a lay-out of the screw piston 1 is shown in 
the area of the gassing points between metering zone 6 and shear zone 21 and 
the respective distribution of the mixing elements 9. 

[0028] A mixing element can also be configured as a cylinder of varying 
diameter, or in the shape of a cone or truncated cone or can have a rhomb- 
shaped or rectangular cross section, or can be configured as a straight or angled 
prism, or can be in the form of a curved- or helical line. 
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List of Reference Numerals 

1. Screw piston 

2. Injection cylinder 

3. Material funnel 

4. Draw-in zone 

5. Compression zone 

6. Metering zone 

7. Cylinder heating 

8. Enlarged screw root 

9. Mixing element 

10. Blowing agent input unit 

1 1 . Bore 

12. Radial bore 

13. Gassing zone 

14. Threaded bore 

15. Axial tight point 
16. 0-ring seal 

17. Axial bore 

18. Seal housing 

19. Rotation seal 

20. Radial bore 

21. Shear zone 

22. Valve 



